The effects of perirhinal cortex lesions in rats on spatial memory might depend on the choice of strain. The present study, therefore, compared perirhinal lesions in Sprague-Dawley rats (associated with deficits) with Dark Agouti rats (associated with null effects). Tests of reference memory and working memory in the water maze failed to provide evidence that perirhinal lesions disrupt overall levels of performance (irrespective of strain) or that these lesions have differential effects on the rates of spatial learning in these 2 strains. Strain differences were, however, found, as the Dark Agouti strain was often superior. Furthermore, the perirhinal lesions did have differential effects in the 2 strains, but these did not appear to relate directly to changes in spatial learning.
The perirhinal cortex has extensive reciprocal connections with the hippocampus. These connections are both direct and indirect, the latter via the entorhinal cortex (Burwell & Witter, 2002; Naber, Witter, & da Silva, 1999) , and have the potential to provide the hippocampus with extensive multimodal input from neocortex. Given the importance of the rodent hippocampus for aspects of spatial learning, there has been much interest in whether the perirhinal cortex is also necessary for spatial learning and memory. Such evidence would strongly support the view that these two regions work in concert to support spatial learning. Lesion studies in rats using spatial tasks that are sensitive to hippocampal damage have, however, been inconclusive, as some studies report that perirhinal cortex lesions result in impairments (Bilkey & Liu, 2000; Liu & Bilkey, 1998a , 1998b , 1998c , 2001 Mumby & Glenn, 2000; Wiig & Bilkey, 1994a , 1994b , whereas other studies have failed to find any evidence of a spatial deficit after perirhinal cortex lesions (Burwell, Saddoris, Bucci, & Wiig, 2004; Bussey, Muir, & Aggleton, 1999; Ennaceur, Neave, & Aggleton, 1996; Glenn & Mumby, 1998; Machin, Vann, Muir, & Aggleton, 2002; Ramos, 2002; Winters, Forwood, Cowell, Saksida, & Bussey, 2004) . The goal of the present study was to resolve this apparent discrepancy.
A recent review of studies into the effects of perirhinal cortex lesions on spatial learning (Aggleton, Kyd, & Bilkey, 2004) considered various factors that might explain the reported variation in lesion effects. Although it seems possible to discount some factors such as lesion method, size, or placement , one factor that appeared to be strongly associated with whether or not a perirhinal lesion deficit was observed was the choice of rat strain. Of a total of 26 studies that used tasks taxing allocentric spatial memory, 9 out of 10 using the albino Sprague-Dawley strain reported some significant impairments after perirhinal cortex damage . This proportion can be compared with the 3 out of 16 reporting a spatial impairment when using a pigmented rat strain (e.g., Dark Agouti, Long-Evans). Of these studies with pigmented rats, none of the 8 studies using the Dark Agouti strain reported a perirhinal cortex lesion deficit, even though many of the behavioral tasks appear very similar to those that had proved sensitive with the Sprague-Dawley strain . It was proposed that sensory or behavioral differences between these two strains (e.g., in visual acuity; Prusky, Harker, Douglas, & Whishaw, 2002) might interact with the loss of the perirhinal cortex so that any spatial deficits become more evident in the albino strain. This possibility was tested directly in the present study, which compared the effects of cytotoxic lesions of the perirhinal cortex in two rat strains (Dark Agouti and Sprague-Dawley). It was decided to not include a third strain (Long-Evans), as the most consistent pattern of null results after perirhinal lesions have been with the Dark Agouti strain, and the few exceptions have come from studies using Long-Evans rats. Although it has been argued that the effects of retrosplenial cortex lesions differ between Long-Evans and Dark Agouti rats (Harker & Whishaw, 2002a) , suggesting that this third strain might provide a different pattern again, the claims regarding the differential effects of retrosplenial lesions have been disputed (Aggleton & Vann, 2004) .
The spatial tasks in the present study all taxed allocentric spatial memory in the Morris water maze. (The term allocentric refers to spatial localization based on the relative disposition of distal cues.)
The Morris water maze was selected because it can provide an unambiguous test of allocentric spatial learning, as rats use new routes on each trial and intramaze cues are removed. Rats were trained on both reference memory (escape platform remains in a constant position across sessions) and working memory (escape platform remains in a constant position within session but changes across session), as deficits have been reported in Sprague-Dawley rats with perirhinal lesions in studies using both testing methods (Bilkey & Liu, 2000; Liu & Bilkey 1998a , 2001 Wiig & Bilkey, 1994a ). The working memory task has the added advantage that it is possible to vary task difficulty by changing the retention interval between Trial 1 (the first exposure to that escape location) and Trial 2 of each session. The retention delays used to challenge the rats included an interval of 180 s between Trials 1 and 2, as this interval appears to be sensitive to the effects of perirhinal cortex lesions in Sprague-Dawley rats whereas an interval of 30 s is not (Liu & Bilkey, 2001) .
In the present study, we also compared the effects of using two different background light levels for some of the swim maze tasks. This parameter was manipulated because swim maze studies using Sprague-Dawley rats have typically used much lower background light levels (25 lux) than that (365 lux) used to test Dark Agouti rats . It is possible that lower light levels might increase the demand on the perirhinal cortex. This effect might also interact with strain differences, for example, via changes in visual acuity (Prusky et al., 2002) and so exacerbate any lesion effects in the Sprague-Dawley rats . For completeness, the water maze tasks were analyzed not just for latency to find the escape platform but also for swim path length, as swim speed might differ between strains.
Method

Subjects
The subjects were 20 male pigmented rats (Dark Agouti strain; Harlan, Bicester, U.K.) weighing between 210 g and 260 g at the time of surgery, and 20 male albino rats (Sprague-Dawley strain; Harlan, Bicester, U.K.) weighing between 230 g and 290 g at the time of surgery. The rats were housed in pairs under diurnal light conditions (14:10-hr light-dark cycle), and testing was carried out in the light phase. The rats were given free access to water and ad lib food throughout the study. All experiments were performed in accordance with the U.K. Animals (Scientific Procedures) Act, 1986, and associated guidelines.
Surgery
All rats were deeply anesthetized with an intraperitoneal injection of sodium pentobarbital (60 mg/kg) and placed in a stereotaxic head holder (David Kopf Instruments, Tujunga, CA). The scalp was cut and retracted to expose the skull. The lesions were made by injecting a solution of 0.09 M N-methyl-D-aspartic acid (NMDA; Sigma, Poole, U.K.) dissolved in phosphate buffer (pH ϭ 7.2).
The perirhinal lesion coordinates were tailored to each strain. Injections were made in three sites per hemisphere with a 1-L Hamilton syringe (Hamilton, Reno, NV). The stereotaxic coordinates of the lesion placements relative to ear-bar zero for the Dark Agouti were, from the most anterior to the most posterior, as follows: AP Ϯ 4.2, L Ϯ 5.6; AP Ϯ 2.7, L Ϯ 6.1; AP Ϯ 1.3, L Ϯ 6.2. The depth, from bregma, at each site was 9.2 mm (most rostral), 9.4 mm, and 9.0 mm (most caudal). The stereotaxic coordinates of the lesion placements for the Sprague-Dawley rats were AP Ϯ 5.0, L Ϯ 6.4; AP Ϯ 3.3, L Ϯ 6.3; AP Ϯ 1.8, L Ϯ 5.9. The depth, from bregma, at each site was 6.4 mm (most rostral), 6.3 mm, and 5.9 mm (most caudal). Bilateral injections of 0.26 L of 0.09 M NMDA were made at each AP level, and the needle was then left in situ for 4 min. At the completion of all surgeries, the skin was sutured, and an antibiotic powder (Acramide; Dales Pharmaceuticals, Skipton, U.K.) was applied topically. The rats also received subcutaneous injections of 5 L glucose saline. All surgical controls (shams) received the same procedure and drugs as those receiving lesions. This involved the needle being lowered into the same coordinates as used for the perirhinal lesions, but no injection was made.
Histology
After the experiments were completed, the rats were deeply anesthetized with sodium pentobarbital (1 mg/kg) and transcardially perfused with 0.1 M phosphate-buffered saline then by 10% (wt/vol) formol-saline. The brains were removed and fixed in 10% formol-saline and transferred to 25% (wt/vol) sucrose overnight. Coronal sections were cut at 60 m on a freezing microtome, and a one-in-three series of sections were mounted onto slides and stained with cresyl violet, a Nissl stain.
Water Maze Apparatus and Procedure
The water maze (2 m in diameter, 60 cm deep) was made of white fiberglass and was mounted 58 cm above the floor. The pool was filled with water (24 Ϯ 1°C) made opaque by adding an Opacifier (Chesham Chemicals, Harrow, U.K.). An escape platform (10 cm in diameter, with a platform surface 2 cm below the water surface) could be placed in the pool. The pool was in a room (305 ϫ 396 cm) that had salient cues on the walls. Lighting was provided by four floor-mounted and eight ceiling-mounted spotlights (500 W), the intensity of which could be varied.
The paths of the rats were tracked with a video camera suspended directly above the pool and were recorded on videotape. Data were collected and analyzed using a PC running Watermaze software (Spooner, 1994) .
Behavioral Training
Reference Memory: Acquisition and Probe The rats were first trained on a reference memory task in the water maze. Rats were trained to swim to a platform that remained in a constant position across trials and sessions. Each of the first nine sessions consisted of four trials using different start positions. These start positions were taken from eight possible choices. Each trial ended when the rat had found the platform or after 120 s had elapsed when the rat was guided to the platform. The rat was always left on the platform for 30 s and then briefly placed in its carry box. The next trial followed almost immediately, giving an intertrial interval of about 15 s. On the final session the platform was removed and each rat was allowed to swim for a single trial of 120 s (the reference memory probe). This probe was used to determine whether the rats favored the location of the platform. After 120 s the rat was removed from the pool and returned to its carry box.
For purposes of counterbalancing, a total of four platform positions were used for the reference memory task, with each rat experiencing just one platform location. All positions were the same distance (46 cm) from the pool perimeter. This counterbalancing ensured that the results did not reflect the peculiar features of any individual location. The rats were transported between the holding room and water maze in an opaque, aluminum traveling box.
The rats were trained under relatively low light levels as the illumination levels (around 25 lux above the water) used by Bilkey and colleagues (Bilkey & Liu, 2000; Liu & Bilkey 1998a , 2001 Wiig & Bilkey, 1994a) were associated with perirhinal lesion deficits in Sprague-Dawley rats. It was not, in fact, possible to test rats at 25 lux, as the automated tracking system was unreliable at this low light level when rats were close to the edge of the pool. For this reason 100 lux was used as the "low" illumination condition, as this proved to be the lowest level that produced reliable measurement of path distances.
Working Memory: Acquisition All rats received 10 sessions of the working memory task in which the platform remained in the same location within a session but changed location across sessions. The rat was allowed a maximum of 120 s to find the platform and was allowed to remain on the platform for 30 s once it had been located. The platform occupied a different location on every session, and these locations were set at one of two distances from the perimeter of the pool. The start position varied for each of the four trials per session, as in the procedure used by Liu and Bilkey (2001) , who reported a lesion deficit. In contrast, two other working memory studies that found no perirhinal lesion deficit used the same start positions for Trials 1 and 2 (Glenn & Mumby, 1998; Machin et al., 2002) . There was a 30-s intertrial interval between all trials.
An added feature of this task was that two different room light levels were used on alternate days. The lighting level immediately above the center of the water maze was set at either 100 lux ("low" light condition) or 360 lux ("high" light condition).
Working Memory: Retention Delays, 180 s to 300 s Following acquisition of the working memory task, all rats received two series of sessions during which a more extended delay was imposed between the first and second trials, and the time the rat was left on the platform was reduced from the previous 30 s. During this more extended retention period, the rat remained in its carry box. In addition, the start position used for the first and second trials was kept the same. This arrangement ensured that the minimum swim path between Trials 1 and 2 remained constant, making it easier to look at savings as a measure of one-trial learning. In all other respects, the training was the same as that used for acquisition of the working memory task . As a consequence, the start positions were altered for Trials 3 and 4 and the intertrial interval was 15 s for these remaining trials.
Rats were tested on three different conditions, and for each of these they were tested under high and low levels of illumination. For this reason, each condition was tested an even number of times. The conditions varied by how long the rat was left on the platform at the end of Trial 1 (either 10 s or 5 s) and how long the delay was before Trial 2 (either 180 s or 30 s). For a total of six sessions (Sessions 21-24, 29, 34), each rat was left on the platform for 10 s followed by a 180-s retention delay. This first condition was used most often, as it had proved sensitive in a previous study (Liu & Bilkey, 2001) . In a second condition, rats were again left on the platform for 10 s, but a longer retention interval (300 s) was used (Sessions 30, 33) . For the third condition, rats were left on the platform for only 5 s, with the retention interval set at 180 s (Sessions 31, 32).
Testing on these different delay conditions was balanced over two separate blocks of sessions (Sessions 21-24 and 29 -34); the intervening sessions (Sessions 25-28) used the standard working memory procedure. In order to maximize statistical power, we combined these two separate blocks of sessions (Sessions 21-24 and 29 -34) for the statistical analyses.
Further working memory tests (Sessions 25-28)
On two sessions (Sessions 25, 27) , the rats received the 1st three trials in exactly the same way as in initial acquisition . The only change came on Trial 4 as the platform was removed from the pool and the rats were allowed to swim for a period of 120 s in the pool. Their swim paths were tracked. This procedure made it possible to determine whether the rats favored the location in which the platform had been placed on Trials 1 to 3. This task variant was used both for the low-light (100 lux, Session 25) and high-light (360 lux, Session 27) conditions. The intervening sessions (Sessions 26, 28) were conducted in exactly the same way as working memory acquisition , with a low-light (Session 26) and a high-light (Session 28) condition.
Trial 1 Performance (Sessions 35, 36) In order to assess the apparent variations in Trial 1 performance, we gave the rats two successive sessions in which only one trial was given. On Session 35, the platform was placed in a novel location (as for working memory) and the rats were allowed to find the platform. The position of the platform was counterbalanced across groups. Rats were removed after 10 s on the platform. On the following day (Session 36) the rats were placed in the water maze but no escape platform was provided (as in a probe trial). All rats were removed from the maze after 120 s of swimming, during which time their paths were tracked.
Results
Histological Analysis
Four groups of rats were used in this study. The SpragueDawley rats were divided into a perirhinal lesion group (SDPrh) and a surgical control group (SDsham). Likewise, the Dark Agouti rats were also divided into a perirhinal group (DAPrh) and a surgical control group (DAsham). The nomenclature and borders of the perirhinal cortex were taken from Burwell and Amaral (1998) . Following histological examination, 3 rats from both the SDPrh and the DAPrh groups were removed because the lesions were asymmetrical or there was too much sparing of the perirhinal cortex. As a consequence, the final SDPrh and DAPrh groups both contained 10 rats, and the SDsham and DAsham groups both contained 7 rats. Figures 1 and 2 not only show the individual cases with the most extensive lesion and the smallest lesion of the 10 rats in the Sprague-Dawley and Dark Agouti groups but also show the extent of damage in those rats that had midsized lesions. The amount of perirhinal tissue loss was comparable for the two strains.
In every SDPrh rat, there was extensive bilateral damage to the perirhinal cortex, involving both banks of the rhinal sulcus (see Figure 1 ). Within the lesion region, there was little evidence of neuronal sparing. The rostral limit of the lesions was level with the rostral third of the amygdala. Caudally, the lesions reached the border with the postrhinal cortex, and in 5 cases the lesions extended into the most rostral part of the postrhinal cortex. In nearly all cases, the lesions reached into the immediately adjacent parts of area TE, piriform cortex, and lateral entorhinal cortex at some coronal levels. In addition, the lesions sometimes extended more ventrally to include additional parts of the piriform cortex (n ϭ 5) or the dorsal part of the lateral entorhinal cortex (n ϭ 3). In the majority of these cases, the additional damage was unilateral. In 4 rats, there was partial, unilateral damage to the lateral nucleus of the amygdala. In all 10 cases, there was very restricted cell loss in that portion of the CA1 hippocampal field immediately adjacent to the posterior perirhinal cortex (4 bilateral cell loss, 6 unilateral cell loss). All of the DAPrh rats showed a considerable loss of perirhinal cortex, so that there was typically very little sparing of perirhinal tissue (see Figure 2 ). Once again, the rostral limit of the lesions was at the rostral third of the amygdala, and in 6 cases there was some encroachment into the lateral nucleus of the amygdala. Like the Sprague-Dawley lesions, the region of cell loss typically encroached into the immediately adjacent parts of area TE, piriform cortex, and lateral entorhinal cortex (see Figure 2) . In some of these cases, there was additional unilateral damage to these same regions (piriform, n ϭ 4; lateral entorhinal cortex, n ϭ 5). The perirhinal lesions all extended back to region of the border with the postrhinal cortex. As in the Sprague-Dawley rats, in the Dark Agouti rats the perirhinal lesions caused a very restricted patch of cell loss in that portion of the CA1 hippocampal field immediately adjacent to the posterior perirhinal cortex (see Figure  2 ). This damage was unilateral in all 10 cases.
Reference Memory (Sessions 1-10) Task Acquisition
The first nine sessions consisted of acquisition of the reference memory task in the water maze. Analysis of the escape latencies (see Figure 3 , top) to reach the hidden platform revealed no lesion effect (F Ͻ 1) and no Lesion ϫ Strain effect (F Ͻ 1). Both strains acquired the task, and so there was a highly significant effect of session, F(8, 248) ϭ 73.57, p Ͻ .001, but no Session ϫ Strain interaction, F(8, 248) ϭ 1.87, p ϭ .07 (see Figure 3 , top). There was, however, a significant effect of strain, F(1, 30) ϭ 16.04, p Ͻ .001, as the Sprague-Dawley rats were overall significantly slower to find the platform than were the Dark Agouti rats (see Figure 3 , top). This latency difference was found in spite of the additional finding that the Sprague-Dawley rats swam faster than the Dark Agouti rats, F(1, 30) ϭ 6.55, p ϭ .01. Speed was not, however, affected by the lesion, nor did lesion interact with strain on this measure (F Ͻ 1).
Analyses based on swim path lengths gave the same pattern of results for acquisition of the reference memory task (Sessions 1-9). Analysis of the distance traveled (swim paths) to reach the hidden platform revealed no lesion effect (F Ͻ 1) and no Lesion ϫ Strain effect (F Ͻ 1). Both strains acquired the task (see Figure 3 , middle), and so there was a highly significant effect of session, F(8, 248) ϭ 67.26, p Ͻ .001, but no Session ϫ Strain interaction, F(8, 248) ϭ 1.84, p ϭ .07. There was, however, a significant effect of strain, F(1, 30) ϭ 41.86, p Ͻ .001, as the Sprague-Dawley rats traveled significantly greater distances to find the platform than did the Dark Agouti rats (see Figure 3 , middle). This significant difference in performance between the strains had disappeared by the final two sessions, for both latency and path length measures.
The strain difference in acquisition prompted us to examine the swim behavior of the two strains in the reference memory task. In particular, we examined whether the rat strains showed a difference in thigmotaxis, that is, the time spent swimming close to the wall. The "hug time" was defined as the percentage time spent at a distance no greater than 20 cm from the pool perimeter. A comparison of the percentage of total swim time spent close to the walls (Sessions 1-9; see Figure 4 ) shows a clear strain difference with the Sprague-Dawley rats having a higher hug time, F(1, 30) ϭ 80.68, p Ͻ .001. This difference did not interact with lesion (F Ͻ 1). As the rats acquired the task, there was a significant decrease in hug time across sessions, F(8, 240) ϭ 11.30, p Ͻ .001, but there was also a significant Session ϫ Strain interaction on this measure, F(8, 240) ϭ 5.11, p Ͻ .0001. This interaction reflected the finding that although hug times decreased across days for both strains, this decrease was at a significantly greater rate for the Dark Agouti rats. The Sprague-Dawley rats persisted in hugging the walls for more sessions ( p Ͻ .01), although they did show a significant reduction across sessions, F(8, 135) ϭ 2.87, p ϭ .005, as acquisition improved. 
Probe session
At the end of acquisition (Session 10), the platform was removed and the preferences for swimming in the four quadrants of the maze were compared across the entire 120 s (see Figure 3 , bottom). An analysis of the percentage time spent in the correct quadrant showed no significant effect of lesion (F Ͻ 1) and no effect of strain (F Ͻ 1). As expected, the rats spent significantly more time in the correct quadrant than the incorrect opposite quadrant, F(1, 30) ϭ 20.63, p Ͻ .01. Consistent with these results, both strains spent significantly more time than expected by chance (25%) in the correct quadrant (see Figure 3, There was no lesion effect for either strain (both Fs Ͻ 1). Finally, the number of times the rats crossed over the platform position was compared (annulus crossing). There was, however, no effect of strain (F Ͻ 1) or lesion, F(1, 30) ϭ 2.00, p ϭ .16, nor was there a Strain ϫ Lesion interaction (F Ͻ 1).
Working Memory Trial 1 (Sessions 11-35)
The nature of the strain difference found for reference memory, as well as inspection of the working memory results, prompted us to examine first the data from Trial 1 of each session (Sessions 11-35). As the rats did not know the platform location on this trial, any group differences are likely to reflect factors such as effectiveness of search strategy, reluctance to swim away from the pool sides, or biases brought about by remembering the platform location from the previous day. As any such differences could affect all of the working memory conditions, the Trial 1 data were analyzed first.
This comparison involved the factors strain, lesion, level of illumination, and stage of learning (Sessions 11-20 vs. Sessions 25-34). Highly significant strain differences were found for Trial 1: latency, F(1, 30) ϭ 13.3, p Ͻ .001; path length, F(1, 30) ϭ 19.47, p Ͻ .001. The Dark Agouti rats were more effective at finding the platform than were the Sprague-Dawley rats. In contrast, neither latency nor distance measures gave any indication of a lesion effect: largest F(1, 30) ϭ 2.84, p ϭ .10. There was, however, a significant Strain ϫ Lesion interaction: latency, F(1, 30) ϭ 4.34, p Ͻ .05; path length, F(1, 30) ϭ 4.55, p Ͻ .05. These interactions reflected the fact that whereas the SDPrh rats outperformed the SDSham rats-latency, F(1, 30) ϭ 5.17, p Ͻ .05; path length, F(1, 30) ϭ 6.22, p Ͻ .05-the DAPrh group were overall poorer than their controls, although this difference was not significant (F Ͻ 1). Finally, there was a highly significant effect of illumination across the trial scores-latency, F(1, 30) ϭ 15.2, p Ͻ .001; path length, F(1, 30) ϭ 11.97, p Ͻ .001-with rats performing better in the condition with the higher levels of illumination. There were no significant interactions with illumination or with early versus late sessions.
Task Acquisition (Sessions 11-20)
In order to determine the working memory ability of the rats, we focused our analyses on the improvement in performance from Trial 1 to Trial 2 (see Figure 5 , left and right panels), that is, the Trial ϫ Lesion and the Trial ϫ Lesion ϫ Strain interactions, as these interactions concern the most sensitive measure of working memory. This focus also reduces the influence from any differences in Trial 1 performance. Rats acquired the task under two different levels of illumination, and comparisons between the two light levels are considered in separate analyses using all four trials. The results for escape latency and swim path length were similar, so they are reported together. 
Low illumination (Trials 1 and 2).
Analyses based on escape latency and the distance traveled both showed no Trial ϫ Lesion interaction and no Trial ϫ Lesion ϫ Strain interaction (all Fs Ͻ 1; see Figure 5a ). In addition, neither latency nor distance measures gave any evidence of a lesion effect (both Fs Ͻ 1) or Strain ϫ Lesion interaction (both Fs Ͻ 1). There was, however, a highly significant effect of trial for both measures-smallest effect for distance, F(1, 30) ϭ 60.2, p Ͻ .001-reflecting the improvement in performance across Trials 1 and 2. The significant effect of session-for example, for latency, F(4, 120) ϭ 3.84, p ϭ .005-showed that the rats' performance continued to improve with training. Neither measures based on latency (F Ͻ 1) or path length, F(1, 30) ϭ 3.09, p ϭ .08, showed overall strain differences.
High illumination (Trials 1 and 2) . Neither escape latency nor path length analyses revealed a Trial ϫ Lesion interaction (both Fs Ͻ 1) or Trial ϫ Lesion ϫ Strain interaction: path length, F(1, 30) ϭ 1.69, p ϭ .20; latency, F Ͻ 1 (see Figure 5b ). Both measures gave the expected effects of trial (smallest effect for distance traveled, F(1, 30) ϭ 37.6, p Ͻ .001, and session, smallest effect for latency, F(4, 120) ϭ 3.17, p ϭ .016, as the rats continued to improve with training. There was no overall effect of lesion (both Fs Ͻ 1), although there was an overall effect of strain-latency, F(1, 30) ϭ 6.11, p ϭ .019; path length, F(1, 30) ϭ 13.43, p ϭ .001-as the Dark Agouti rats were quicker at finding the platform. Finally, the latency measures suggested that there might be a Strain ϫ Lesion interaction-latency, F(1, 30) ϭ 4.05, p ϭ .053; path length, F(1, 30) ϭ 2.54, p ϭ .12-as the DAshams performed somewhat better than DAPrh rats whereas the Sprague-Dawley rats with perirhinal lesions tended to perform better than their controls. This interaction was not, however, significant for either measure.
All four trials-high versus low illumination. Both latency and path length measures showed no overall effect of strainlowest probability for path length F(1, 30) ϭ 2.99, p ϭ .091-or of lesion or Strain ϫ Lesion interaction (all ps Ͼ .10). The only significant effect was for the lighting condition, as performance was better in the lower light levels. Although the improvement was not large numerically, it was highly significant: latency and path length, both Fs(1, 30) ϭ 16.9, p Ͻ .001. There were, however, no significant interactions with this factor (lowest p ϭ .20). SpragueDawley rats swam faster than did the Dark Agouti rats, F(1, 30) ϭ 25.05, p Ͻ .001. Speed was not, however, affected by the lesion, F(1, 30) ϭ 2.71, p ϭ .11, nor did lesion interact with strain on this measure (F Ͻ 1).
Retention Delay (180 s to 300 s; Sessions 21-24, 29 -34)
The results for the three different delay conditions were considered in the same analysis of variance (ANOVA), and, again, the analyses focused on Trials 1 and 2 (see Figure 6) .
Low illumination. There was no overall difference between the three delay conditions (latency and path length, both Fs Ͻ 1). There was also no Trial ϫ Lesion interaction or Trial ϫ Strain ϫ Lesion interaction for either measure of performance (lowest p ϭ .19). Likewise, there was no Strain ϫ Lesion interaction: latency, F(1, 30) ϭ 1.72, p ϭ .20; path length, F(1, 30) ϭ 1.23, p ϭ .28. There was, however, a significant strain difference, as the Sprague-Dawley rats performed more poorly overall: latency, F(1, 30) ϭ 6.72, p ϭ .015; path length, F(1, 30) ϭ 34.92, p Ͻ .001.
There was also the expected effect of trial: path length, lowest F(1, 30) ϭ 12.10, p Ͻ .005. There were no other significant effects, although overall the perirhinal lesion rats tended to perform worse ( p Ͻ .10): latency, F(1, 30) ϭ 3.69, p ϭ .064; path length, F(1, 30) ϭ 3.07, p ϭ .090.
High illumination. As for the low-illumination condition, the overall results for the three different delay conditions did not differ significantly: latency, F(2, 60) ϭ 0.20, p ϭ .81; path length, F(2, 60) ϭ 0.08, p ϭ .92. Again there was no Trial ϫ Lesion interaction (both Fs Ͻ 1) and no Trial ϫ Strain ϫ Lesion interaction (both Fs Ͻ 1). As with the low-illumination condition, the effect of lesion was close to significance: latency, F(1, 30) ϭ 3.73, p ϭ .063; path length, F(1, 30) ϭ 3.82, p ϭ .060. This suggestion of a lesion effect was due to an asymmetrical effect of the perirhinal lesions in the two rat strains (see Figure 6 ), as simple effects showed that DAPrh rats were significantly worse than their surgical controls (latency, p ϭ .009; path length, p ϭ .008), whereas there was no corresponding lesion effect in the Sprague-Dawley rats ( p ϭ .95). For this reason, the Strain ϫ Lesion interactions approached significance: latency, F(1, 30) ϭ 4.08, p ϭ .052; distance, F(1, 30) ϭ 3.04, p ϭ .092. Unlike in the low-illumination Figure 6 . Mean escape latencies over the 1st two trials for the three different delays used with the working memory task for all four subject groups, Dark Agouti (DA) sham, DA perirhinal lesion (Prh), SpragueDawley (SD) sham, SDPrh. Results for the three delay conditions (180-s delay, 5-s intertrial interval; 180-s delay, 10-s intertrial interval; 300-s delay, 10-s intertrial interval) were combined within each of the illumination types (high and low). sec ϭ seconds. condition, there was no effect of strain: latency, F Ͻ 1; path length, F(1, 30) ϭ 2.74, p ϭ .11.
High versus low illumination. Two different lighting conditions were used because those previous studies that had found a perirhinal lesion effect had typically also used low levels of background illumination. We therefore compared the results across all four trials, with the factors strain, lesion, and illumination condition (see Figure 7) . (The trial data and the results for the three different delay conditions were combined, and so these factors were removed.) The escape latency data produced no effect of strain, lesion, or Strain ϫ Lesion (lowest p ϭ .24). Although performance overall was quicker in the lower light levels-effect of illumination F(1, 30) ϭ 4.70, p ϭ .038 -the rats with perirhinal lesions were more retarded by the increase in illumination levels than were the sham controls: Illumination ϫ Lesion interaction, F(1, 30) ϭ 6.32, p ϭ .018.
The path length data produced no effect of strain or lesion (lowest p ϭ .09). However, there was a Strain ϫ Lesion interaction, F(1, 30) ϭ 4.85, p ϭ .035, as the DAPrh rats showed signs of an impairment whereas the opposite was found for the SDPrh rats. Although distance overall was shorter in the lower light levels-effect of illumination, F(1, 30) ϭ 4.18, p ϭ .049 -there were no illumination interactions. (Sessions 25, 26), High Illumination (Sessions 27, 28) All rats received four more sessions in which the 1st three trials were identical to those used for acquisition of the working memory task (Sessions 11-20). The only difference was that on Session 25 (low illumination) and Session 27 (high illumination) the fourth trial consisted of a probe in which the platform was removed and the rats' movements tracked for 120 s. The intervening sessions used the low (Session 26) and high (Session 28) illumination, but rats received the standard four trials.
Further Working Memory Tests-Low Illumination
Comparisons of escape latency over the 1st three trials for Sessions 25 and 27 (prior to the probe) showed no significant effects of strain; lesion (both Fs Ͻ 1); or illumination condition, F(1, 30) ϭ 3.32, p ϭ .08, but there was a significant Strain ϫ Lesion effect, F(1, 30) ϭ 5.80, p ϭ .022. Examination of the simple effects showed that the DAPrh rats showed retarded performance compared with the DAsham rats, F(1, 30) ϭ 5.49, p ϭ .026, although the faster escape times of the SDPrh rats when compared to their controls (SDshams) was not significant.
Comparisons of path length over the 1st three trials for Sessions 25 and 27 (prior to the probe) revealed a significant effect of strain, F(1, 30) ϭ 4.21, p ϭ .049 (Sprague-Dawley rats were worse), and illumination condition, F(1, 30) ϭ 7.93, p ϭ .008, but no effect of lesion (F Ͻ 1), and no significant Strain ϫ Lesion effect (F Ͻ 1).
Performance by the four groups on the two resulting probe trials is shown in Figure 8 . An ANOVA performed to analyze the percentage of time spent in the correct quadrant for both conditions showed that the only significant difference was for the two light levels, F(1, 60) ϭ 6.41, p ϭ .014, as rats were more accurate in the higher illumination. There were no significant effects of lesion (F Ͻ 1) or interactions with this factor. One-tailed tests comparing percentage of time in correct quadrant with 25% (chance) showed that both the SDPrh and the DAPrh rats displayed a significant preference in both the low-and high-illumination conditions (for all four comparisons, p Ͻ .05).
Trial 1 Probe (Sessions 35, 36)
The last two sessions returned to the issue of Trial 1 performance. On Session 35 the swim paths of the rats were measured while they found a submerged platform in a novel location. On Session 36 (24 hr later) the rats were placed back in the water maze, but now there was no platform. Performance on this 120-s probe Trial 1 was measured using time in two halves of the maze, one of which was centered on the platform location from the previous day. (Halves rather than quadrants were used because an entirely novel platform location was used, and, as it was at the conjunction of two standard quadrants, the software could only be used to compare halves.)
This probe trial showed no significant effect of strain (F Ͻ 1) and no effect of lesion (F Ͻ 1). There was, however, a significant Strain ϫ Lesion interaction, F(1, 30) ϭ 9.55, p ϭ .004, as the DAsham rats spent more time in the "correct" half of the maze than did the DAPrh rats, whereas the converse was seen with the Sprague-Dawley rats. Even so, none of the groups spent significantly more time in the correct sector as expected by chance. Indeed, the DAPrh group spent, on average, significantly less time in the correct area: DAsham, 53%, t(6) ϭ 1.13, p ϭ .30; DAPrh, 39%, t(9) ϭ Ϫ2.97, p ϭ .01; SDsham, 53%, t(6) ϭ Ϫ1.69, p ϭ .10; SDPrh, 45%, t(9) ϭ 0.72, p ϭ .40; chance expected 50%.
Discussion
The goal of the present study was to determine whether the effects of perirhinal cortex lesions in rats on tests of spatial memory are strain dependent. For this reason, we compared the consequences of perirhinal lesions of comparable size in a strain (Sprague-Dawley) that is associated with lesion-induced deficits with the effects of lesions of comparable size in another strain (Dark Agouti) not associated with perirhinal lesion spatial deficits . All testing took place in a Morris water maze in which the rats could see distal room cues. For this reason, it was assumed that the tasks taxed allocentric spatial memory, although this task is not a pure test of this form of learning. The rats were challenged with a variety of conditions, with the predicted outcome that Sprague-Dawley rats would be more disrupted by perirhinal lesions than Dark Agouti rats . In fact, the Sprague-Dawley rats with perirhinal lesions were never significantly impaired when contrasted with their controls and were occasionally superior. Indeed, when lesion effects emerged, it was the Dark Agouti rats with perirhinal lesions that produced poorer performance. For none of the test conditions was there evidence of a consistent disruption caused by the perirhinal lesions, irrespective of strain. The results for the two main tasks (reference and working memory) are first considered separately.
The findings for acquisition of the reference memory task (escape platform in a constant position across sessions) are straightforward. There was no evidence of a lesion effect, but there was a clear strain difference. The lack of any perirhinal lesion effect on task acquisition is consistent with some (Burwell, Bucci, Wiig, Saddoris, & Sanborn, 2002; Bussey et al., 1999; Machin et al., 2002) , but not all studies (Bilkey & Liu, 2000; Glenn, Nesbitt, & Mumby, 2003; Liu & Bilkey, 1998a , 2001 Mumby & Glenn, 2000; Wiig & Bilkey, 1994a) . A feature of the procedure was the use of relatively low levels of background illumination, as studies by Bilkey and colleagues, which had found deficits on reference memory, had also used low light levels. Although no perirhinal lesion deficits were found on this task, it should be added that when acquisition impairments have previously been reported they have been transient, being present for only up to two sessions (Bilkey & Liu, 2000; Liu & Bilkey, 1998a , 2001 Mumby & Glenn, 2000; Wiig & Bilkey, 1994a) . For this reason, other factors such as degree of habituation, prior handling, and readiness to swim away from the side walls might be significant, as their impact is likely to be greatest over the initial sessions.
The Sprague-Dawley rats took longer to find the platform initially, but by the end of training they did not differ from the Dark Agouti rats on the reference memory task. Analysis of the swim paths indicated that the Sprague-Dawley rats spent longer circling close to the edge of the maze, suggesting a greater initial fear of swimming in open water. The strain difference had apparently disappeared by the final probe session, which again found no evidence for a perirhinal lesion effect. In addition, the SpragueDawley rats swam faster overall. The relative performance of the two strains is consistent with a previous study using the reference memory task (Harker et al., 2002b) . In that study the SpragueDawley rats took longer and swam for greater distances to find the platform than did the Dark Agouti rats (Harker et al., 2002b) . On a probe test, the two strains showed equivalent numbers of target crossings (Harker et al., 2002b) as in the present study. The only difference was that in the study by Harker et al., the Dark Agouti rats were superior in the probe test as they spent significantly more time in the platform region, a result not replicated in the present study.
The rats were then challenged with a variety of working memory conditions (new platform position every session). Analyses focused both on Trial 1 performance and on the improvement from Trial 1 to Trial 2, as the latter provides the purest measure of working memory. Throughout these working memory tests, two illumination levels were compared because some studies using relatively high levels of background illumination had found no perirhinal lesion deficit (Glenn & Mumby, 1998; Machin et al., 2002) whereas others using lower illumination levels (Liu & Bilkey, 2001 ) had found a lesion deficit for this working memory task. Surprisingly, Trial 1 performance revealed a differential effect of the perirhinal lesions on the two strains. Although the loss of this cortex did not significantly disrupt Trial 1 performance in the Dark Agouti rats, it surprisingly led to significantly more effective Trial 1 performance in the Sprague-Dawley rats.
More information about the perirhinal lesion effects came from considering the working memory performance, that is, the improvement from Trial 1 to Trial 2. In spite of possible scaling effects, the pattern of performance across the various working memory conditions was consistent. No overall perirhinal lesion effects were found for any of the working memory conditions, nor were there any Lesion ϫ Trial interactions, that is, the perirhinal lesions did not affect the rate of improvement across the two trials. Likewise, the lack of any Strain ϫ Trial ϫ Lesion interactions shows that the perirhinal cortex lesions did not have different effects in the two strains on this measure of working memory. Taken together, these analyses revealed no evidence that perirhinal lesions disrupt spatial working memory, a result that is consistent with most previous studies (Glenn & Mumby, 1998; Machin et al., 2002) .
The perirhinal lesions were, however, not without effect. For some conditions there was evidence of a Strain ϫ Lesion interaction-that is, the effects of the surgery across the working memory trials differed in the two strains. This interaction was significant for the path length data when all trials from the extended retention conditions (Sessions 21-24, 29 -34) were considered, and for the preprobe trials (Sessions 25, 27). The same Strain ϫ Lesion interaction was very close to significance for the latency scores from the initial series of working memory tests in the higher illumination condition, and for just the higher illumination condition of the working memory tests with extended retention delays (29) (30) (31) (32) (33) (34) . These interactions arose either when the DAPrh rats performed worse than their controls (e.g., Trials 1-2 working memory delays, Trials 1-3 further working memory tests, Trial 1 probe on last session) or when the SDPrh rats performed better than their controls (e.g., Trial 1 working memory, Trials 1 and 2 working memory, higher illumination). Thus, the lesions had differential effects on the two strains.
Given the lack of other significant differences, it is likely that at least a part of this effect is explained by the Trial 1 difference, and this view is supported by inspection of the data (see Figures 6 and  7) . Further insight into this difference came from the very final test session when the rats were given a probe instead of the standard Trial 1. This probe again showed a Strain ϫ Lesion interaction, as the DAPrh rats were the only group to spend significantly less time in the area occupied by the platform on the previous day. The implication is that the DAPrh rats were the only group to actively avoid the location where the platform had been on the previous session. This suggests not only that these rats had developed a different search strategy than that of the other rats but that they were also able to remember where the platform had been last positioned. Thus, the lesion effect cannot simply be described as a failure of memory in this group.
The working memory condition did, however, reveal more consistent overall strain differences. As in the reference memory task, the Dark Agouti rats outperformed the Sprague-Dawley rats on a number of working memory indices. The Dark Agouti rats were superior overall on Trial 1, even though the rats did not know where the platform was located. Although this may reflect a better search strategy, it is more likely to reflect a greater willingness to search in the middle of the tank given the findings for the reference memory task. This strain difference may seem surprising given that a previous comparison of these two rats strains (Harker et al., 2002b) found that Dark Agouti rats took significantly longer than Sprague-Dawley rats to find the platform on Trial 1 of the working memory task. Nevertheless, in the present study the Dark Agouti advantage remained throughout the study.
Other significant strain differences emerged when overall performance over Trials 1 and 2 was compared for the highillumination condition (working memory acquisition); for the low illumination with extended retention intervals; and finally, for the path length measures for the preprobe trials (Sessions 25, 27). These differences persisted even though Sprague-Dawley rats swam significantly faster than Dark Agouti rats in both the reference and working memory tasks. Previous studies have pointed to an array of other differences between these two stains-for example, Dark Agouti rats have superior visual acuity (Prusky et al., 2002) and higher aerobic endurance (Barbato et al., 1998) but perform poorly when challenged to remain on a rotating cylinder (Biesiadecki, Brand, Kock, Metting, & Britton, 1999) . There is also evidence that naive Dark Agouti rats display more anxietylike behavior and less activity on an elevated plus-maze and open field than do Sprague-Dawley rats (Mechan et al., 2002) . These differences for anxiety-like behavior were, however, abolished by subsequent handling (Mechan et al., 2002) , suggesting that levels of pretraining might be important factors.
The goal of the present study was to test two possible causes of the discrepancy in the apparent effects of perirhinal lesions on water maze performance. Although both illumination levels and strain affected performance, neither explained the inconsistencies found in previous studies. The present study did, however, show how other task factors can interact with lesion effects. An example concerned the willingness of rats to swim out into the middle of the water in the maze in the initial stages of acquisition. Other factors concern the pattern of Trial 1 behavior on the working memory task. Again, reluctance to explore the middle of the maze may well play a part, as the Lesion ϫ Strain interactions were most evident in the conditions with higher light levels (see Figures 5 and 6) . It therefore seems possible that the perirhinal lesions caused a rela-tive increase in the time initially spent swimming close to the side walls by the Dark Agouti rats but had the opposite effect in the Sprague-Dawley rats. Although this account cannot be confirmed at present, it is evident that there are a host of ways in which strain differences could potentially interact with a lesion to make its effects more evident. At the same time, there was no evidence from either strain of rat that the effects of perirhinal cortex lesions can simply be characterized as a deficit in learning allocentricbased information. In this respect, the effects of these lesions are very different from those observed after hippocampal damage (Morris, Garrud, Rawlins, & O'Keefe, 1982; Morris, Schenk, Tweedie, & Jarrard, 1990) , even though the two regions are reciprocally connected.
